We discuss the orbital period changes of the Algol semi-detached eclipsing binary DI Peg by constructing the (O−C) residual diagram via using all the available precise minima times. We conclude that the period variation can be explained by a sine-like variation due to the presence of a third body orbiting the binary, together with a long-term orbital period increase (dP/dt = 0.17 sec/century) that can be interpreted to be due to mass transfer from the evolved secondary component (of rate 1.52 × 10 −8 M ⊙ /yr) to the primary one. The detected low-mass third body (M 3 min. = 0.22 ± 0.0006 M ⊙ ) is responsible for a periodic variation of about 55 years light time effect. We have determined the orbital parameters of the third component which show a considerable eccentricity e 3 = 0.77 ± 0.07 together with a longitude of periastron ω 3 = 300
.
The system was observed by Jensch (1934) who published a photographic light curve. Subsequently, photoelectric light curves were observed by several authors; Kruszewski in 1962 (V filter), , and in B&V filters, and in U, B&V filters.
High dispersion spectroscopic observations were conducted by Lu (1992) who presented the radial-velocity measurements of DI Peg and determined a K4 spectral type for the secondary component. He established the triplicity of the system confirming the earlier finding of Rucinski (1967) who suggested the presence of a third source of light based on an analysis of light curves contributing 24% of the total light of the system. Lu (1992) determined the radial velocity of the third component (+40.2 ± 0.3 km/s), and also carriedout a detailed analysis of the published photoelectric light curves with the Wilson-Devinney code (Wilson, 1979) setting the third light l 3 as a free parameter. He obtained the following absolute dimensions of DI Peg as: A = 4.14 ± 0.05 R ⊙ ; R 1 = 1.41 ± 0.03 R ⊙ ; R 2 = 1.37 ± 0.03 R ⊙ ; M 1 = 1.18 ± 0.03 M ⊙ ; and M 2 = 0.70 ± 0.02 M ⊙ .
The aim of this paper is to study the changes in the orbital period of this interesting system and to redetermine the third body orbital parameters using the photoelectric and CCD minima times obtained over the last two decades. All the available data covering about 84 years from 1928 to 2012.
PERIOD VARIATION STUDY

Light Elements
The light elements of DI Peg was first obtained by Jensch (1934) Later, several authors observed minima times visually (v), photographically (pg), photoelectrically (pe & CCD). They obtained different light elements that are listed in Table 1 . We used Kreiner's (2004) light elements (see Table 1 ) to calculate the residual values of the (O − C) diagram. For minima time detection, we used the last set of pe and CCD minima times of with standard deviation SD=0.0013 and regression r = 0.9643.
To study the period variation of DI Peg, one must first know the evolutionary status of the system through the spectroscopic and photoelectric light curves analysis of the previous studies. Second, one can construct 
• .0221765 and c = 3000.
• .0001580 and c = 6495. ‡ Light elements obtained by using Pe and CCD minima starting from JD 24 52567.3312. ‡ ‡ Quad. light elements obtained by using all Pe and CCD minima only.
the O − C diagram in order to: (1) discuss the effect of mass transfer and/or lost from the system, (2) to deduce the light time effect (LITE) due to the presence of a third body that has been already detected spectroscopically by Lu (1992) , then calculating the third body orbital parameters, and (3) to discuss the possibility of the presence of starspots due to magnetic activity.
Previous Light Curve Studies
Rucinski (1967) used the unpublished light curve of Kruszewski's 1961 observations in the yellow band to obtain the geometrical elements of DI Peg. He introduced an additional (third) source contributing 24% of the light and identified a secondary minimum placed exactly at a phase of 0.5 (i.e., e=0), and obtained a F4IV spectral type for the primary component. He also suggested a semi-detached configuration of the system with two evolved components from the main sequence in which the fainter filled its Roche lobe. observed the system photoelectrically with B & V filters. They suggested a semi-detached Algol type configuration for DI Peg with sp. type K0+K2. has also observed the system with B & V filters, and concluded that the extra light hypothesis of Rucinski (1967) is in conflict with his observations, but he agreed with him in the semi-detached property of the system. Using Wood's (1972 ) model, Mardirossian et al. (1980 analyzed two-color photometric observations and the photoelectric light curve obtained by Kruszewski and published by Rucinski (1967) . Their analysis showed a cooler under-massive component which is a typical property of post-main sequence mass-exchange of Algol-type binaries.
Since the spectroscopic mass ratio q was unknown, Rucinski (1967) used q = 0.3, while Mardirossian et al. (1980) used q = 0.6 during their light curves analysis. Both studies agreed in their conclusion about the semidetached configuration of DI Peg, but disagreed in the values for the orbital elements. They also disagreed about the necessity for the third light source. Mardirossian et al. (1980) deduced the radii and the
Chaubey (1982) has observed DI Peg photoelectrically in the three UBV filters. The observed light curves showed luminosity at phase 0 d .25 to be greater than the luminosity at phase 0 d .75 in all the UBV filters. He argued that this phenomenon was either due to gas stream absorption or to electron scattering present in the system as noted by Piotrowski et al. (1974) in similar systems such as e.g., U Cep, U CrB, SW Cyg and S Equ. Another phenomenon that was seen in the light curves is that the shoulders of the primary minimum are depressed, which may be explained by a disc of circumstellar material surrounding the hotter component. The reduction in the light is then due to the eclipse of the disk by the subgiant component before and after the primary component is eclipsed . His orbital solution also suggested the semi-detached configuration. Using the minima times available, Chaubey constructed the O − C diagram and observed an inversion to the increase trend after 1969. He explained this change in the period with Biermann and Hall's (1973) model which incorporates mass transfer in the system.
The period variation of DI Peg have been observed by several authors (e.g., Rusinski 1967 , Kennedy 1982 , Lu 1992 and Vinkó 1992 , but few studies of these changes were performed in the literatures (e.g., , Lu 1992 , and Vinkó 1992 .
The O − C Diagram
Kennedy (1982) . Besides the spectroscopic detection of a third body by Lu (1992) , he established the O−C diagram showing its sinusoid shape structure, but he did not use it to estimate the third body orbital parameters. However, the only study for determining the orbital parameter values of the third body was carried out by Vinkó (1992) (see Table 2 ). He suggested a third body orbiting the binary in 22 years, and reported that his derived orbital parameters are uncertain due to the shortness of the observed time interval.
Currently, more precise pe and CCD minima times are available since the last study of Vinkó in 1992. Hence, we aim to revisit the period variability of this interesting late type sd-Algol in order to calculate its third body orbital parameters as well as to discuss the other possible mechanisms that may affect the change in the period of DI Peg.
The period variability of DI Peg has been studied by means of an O − C diagram analysis. We have used the following data reduction procedure. All the available times of mid eclipse have been gathered and examined carefully. A mean value of the observed time of minima, in the same epoch, for different filter bands, e.g., U, B and V has been used. The precise photoelectric and CCD times of minimum are used in our computations with weight 10. The three CCD times of minimum at JD 24 52542.7862, 24 52572.6843 and 24 52573.0329 (E=37403.5, 37445.5 and 37446) obtained by Karska and Maciejewski (2003) in addition to the pe secondary minimum 2454070.3254 (E=39549.5) by Şenavci et al. (2007) are excluded due to their very large deviations from the general trend of the O − C diagram. They are typed in Table 4 in italics. The earlier pg data before the JD 2437196.391 are not used due to their large scatter, while the others are used with weight 3. Some visual minima are used with weight 1 to fill gaps in the diagram and the others are not used to minimize the contamination of the data set. However, all the minima times used have been presented in Table 3 . The unused data are listed in Fig. 1 .
Mass Transfer and Light Time Effect
On analyzing the O − C diagram we used the standard approach (see, e.g., Mayer 1990 and Awadalla et al. 2004 ) assuming that the time of minima follow a quadratic ephemeris and are modulated by light time effect (LITE: see, e.g., Irwin 1959). The time of mid eclipse can be computed as follows:
where e 3 , ω 3 , ν, a 12 sin i and c are the eccentricity, longitude of the periastron, true anomaly of the binary orbit around the center of mass of the triple system, projected semi-major axis, and the speed of light, respectively. We have used the computer programme written by Zasche et al. (2009) . The quadratic ephemeris of the minima is represented by the first three terms of Eq. 3, and represented as the dashed line in Fig. 1 , while the solid line fit represents the light time effect. The lower panel shows the residuals after the subtraction of the solution. Kreiner et al. 1994; Pribulla, 1998 ) have attributed such decrease to mass loss from the system (non-conservative) via the lagrangian point L 2 .
As one can see from the quadratic term in Eq. 3 (see Table 2 ), there is a long-term evolution of the orbital period represented by the dashed line in Fig. 1 . It may be identified as a period increase caused by slow mass transfer rate dP/dt (=0.17 sec/century) from the evolved less massive secondary component to its more massive companion star. The rate of mass transfer in the conservative case can be estimated by using the formula derived by Kreiner and Ziolkowski (1978) :
where the quadratic term coefficient Q, and the period P are in days. Adopting the masses obtained by Lu (1992), M 1 = 1.18 M ⊙ and M 2 = 0.69 M ⊙ , the rate of mass transferṀ =1.52×10 −8 M ⊙ /yr is obtained. Our calculations yield a relatively slower rate than that derived by Chaubey (1993) Table 2 . The results show significant differences from those obtained earlier by Vinkó (1992).
Magnetic Activity
The quasi-sine variation shown in Fig. 1 may result from cyclic magnetic activity, proposed by Applegate (1992) . Magnetic activities seen in low-mass late-type stars may produce this kind of period variation because of their rapid rotation and outer convective layers (Richards & Albright 1993) . Changes of the magnetic field distribution result in changes of angular momentum distribution. Gravitational quadrupole coupling produces changes in the internal structure of the active star which results in a period variation. To compute the amplitude of the period oscillation, one could use the following equation (Rovithis-Livaniou et al. 2000) ,
as ∆P = 2.25 × 10 −6 with P 3 = 20081.4 days. Thus, the rate of period variation is found to be ∆P/P = 3.161 × 10 −6 . Following Lanza & Rodonò (2002),
the variation in the quadrupole moment can be estimated to be ∆Q = 6.5 × 10 49 g · cm 2 for the secondary evolved late type component; where M is the mass of the active star and the separation a between both components can be determined with the Kepler's third low, 
Assuming conservation of the orbital angular momentum, Lanza & Rodonó (1999 , 2004 have argued that magnetic variation could be detectable if the quadrupole moment ∆Q is of the order 10 51 − 10 52 g cm 2 for Algol-type binaries, which indicating that the obtained ∆Q value of the secondary component of DI Peg is not typical value for the close binaries. Therefore, the magnetic activity proposed by Applegate is not a possible mechanism to explain the cyclic variation of DI Peg. In addition, magnetic activity cycle of 55 years is considerably longer than expected in such low mass solar type stars in comparison to our sun.
CONCLUSIONS
The period variation of the Algol-type semi-detached eclipsing binary DI Peg was discussed using its O − C diagram. Accurate pe and CCD minima collected during the last two decades were analyzed. The available collected times of minima covering about 84 years. We have applied the hypothesis of orbiting the system around the common center of mass with a third unseen companion, so-called light time effect, see Irwin (1959) , together with a long term orbital period modualation increase shown, in Fig. 1 , as a blue dashed parabolic curve. This approach was used in a programme by Zasche et al. (2009) .
A quasi-sinusoidal variation, seen in Fig. 1 , has a period of about 55 years, superimposed on a quadratic orbital period increase of rate dP/dt = 3.8 × 10 −11 d/cycle (=1.9 × 10 −8 d/yr), corresponding to a time scale of 3.65 × 10 7 yr. This period increase can be interpreted to be due to mass transfer from the evolved secondary star to its primary more massive companion, which is a common mechanism in such Algol semidetached eclipsing close binary systems.
The existence of the third component in the DI Peg system has been independently proven in three different ways: first, by Rucinski (1967) during his study to obtain the geometrical elements, he introduced an additional third light of about 24% in order to obtain the geometrical elements; second, by Lu (1992) , who observed a direct spectral evidence by using highdispersion spectrograph; he obtained a well determined radial velocity of +40± 0.3 Km/s for a third body; finally, through the present work, by studying the (O − C) residual diagram. A well defined light time effect with a period of about 55 years and an amplitude of 0.02 days has been determined.
The Applegate (1992) mechanism was used in testing the probable presence of enough quadrupole momentum which may cause such cyclic variation in the O − C diagram. The result shows that the mechanism of Applegate cannot explain the cyclical period variation of DI Peg. 
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